The consumer demand is increasing for composite flour based bakery products like biscuits. The incorporation of brown rice flour can be justified in composite flour based biscuits as it has beneficial nutraceutical properties and its gluten-free nature can play important role in preventing celiac problem. The physicochemical and functional properties of brown rice and wheat flour were studied and biscuits were prepared with the incorporation of brown rice flour in 0, 5, 10, 15 and 20 % with the wheat flour to assess the quality and acceptability of the biscuits. The water absorption capacity of brown rice flour was lower than that of wheat flour (p≤0.05), whereas oil absorption and foaming capacity of brown rice flour were significantly higher than that of wheat flour (p ≤0.05). The brown rice flour had higher least gelation concentration (30.66%) as compared with wheat flour (20.33%). As the concentration of brown rice flour was increased, spread ratio of biscuits decreased. The biscuits containing 5, 10 and 15% brown rice flour indicated that addition of increasing level of brown rice flour had higher ash, fat, moisture and crude fiber contents, while protein and total carbohydrate contents found lower in the biscuits. Statistical analysis of biscuits containing various amount of brown rice flour (0, 5, 10, 15 and 20% brown rice flour) showed that control biscuits (0% brown rice flour) secured the highest score for color, flavor, texture and overall acceptability, which is followed by biscuits containing 10, 5,15 and 20% brown rice flour.
Introduction
Brown rice is the entire grain with only the inedible outer husk removed. Brown rice flour can be added in to the baked products due to different flavor and texture. Several methods exist for stabilizing rice bran separated during the raw milled rice (Sayre et al., 1982) . In some parboiling systems, lipase activity is sufficiently inactivated to stabilize the bran. The rice bran has higher ash content than other cereal bran. The bran rice contains 12-16% protein which has high nutritional value. The addition of rice bran improves the lysine content of baked product and also contributes a blend pleasant flavor (Lynn, 1969) . However the starchy endosperm is cooked in the process. Parboiling and other pretreatment processes are the suitable sources of The Agriculturists 10 (2): 20-28 (2012) ISSN-1729-5211 A Scientific Journal of Krishi Foundation Indexed Journal producing modified rice flours, which are importance in preparing formulated baked products. If the pre treatment includes gelatinization of starch, use of the flour in the fermented baked products is limited, due to its high water uptake during the dough mixing stage. The increased water causes unpredictable changes in dough properties during fermentation. Rice flour offers potential for new and traditional baked products. It can be produced with a wide assortment of functional properties and factors affecting that properties are the varieties and types used milling and grinding methods employed, and pretreatment of rice or flour before use. Certain inherent properties have been identified as providing the most suitable flours for traditional products or as substitutes for wheat flour in breads and cakes. The low quality of protein in rice is offset to some degree by its high quality relative to that of other common cereals (Juliano and Bechtel, 1985) .
Food processing industries are in developing stage in Bangladesh and consumption of processed baked products is gradually becoming popular. Composite flour biscuit is the most widely used bake product items in urban and sub-urban areas in Bangladesh. As a result of changing food habits, increasing population and urbanization the consumption of leavened wheat baked product has risen dramatically in many developed countries including Bangladesh. On the other hand for climatic reason many developing countries can not grow wheat suitable for baked product manufacturing. Thus partial substitutions of wheat flour with flour from indigenous crops or the production of alternative wheat less biscuits may be the subject of research. The major objectives of the study are (i) to compare the physicochemical and functional properties of brown rice flour (BRF) and wheat flour (WF); (ii) to prepare biscuits with the incorporation of brown rice flour in to the various proportions of wheat flour and (iii) to assess the quality and acceptability of prepared biscuits.
Materials and Methods
The experiment was conducted in the laboratory of the Department of Food Technology and Rural Industries, Bangladesh Agricultural University, Mymensingh, 2009-2010.
Materials
The raw paddy pajam (Oryza sativa) sample was collected from local market. Then the sample was dried to a desirable level moisture content of 12% and dehusking was done with the help of the Crushing Rolling machine . After dehusking, the brown rice flour was prepared by grinding brown rice kernel in flour mill with particle size of 0.12 -0.150 µm. Other materials like refined wheat flour, sugar, fat etc. required for biscuit making were purchased from local market.
Biscuit formulation
The basic formulations used for preparation of biscuits are outlined in Table 1 . The biscuits were prepared with the incorporation of brown rice flour (BRF) in 0, 5, 10, 15 and 20% concentration with wheat flour (WF). Brown rice flour, wheat flour and other ingredients were weighed accurately. The pre-weight ingredients were mixed properly. The baking chemicals and sugar were dissolved in water. Mixture of raw materials was added to obtain uniform dough and the dough was allowed to relax for 15 minutes before rolling out. The dough was then kneaded and rolled to a uniform thickness of 3 mm. The rolled out dough was allowed to relax for 5 minutes. Then the biscuits were cut out with round biscuits cutter of 3.5 cm diameter. The cut out biscuits were placed on a greased or paper lined pans about 0.5 inch apart and the biscuit were allowed to rest on the pan about 10 minutes and baked at 220 0 C for 10-15 minutes, cooled to ambient temperature and packed in high density polyethylene bags.
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Proximate composition
The functionality of flours of cereals grains, which depends to a great extent upon starch and protein content of flours, contribute a lot to the formulation and properties of the final product Therefore, flours were analyzed for their physicochemical and functional properties. Particularly, the functional properties are required for the formulation of value added composite bakery products.
Physicochemical properties
Protein (micro-Kjeldahl, x 6.25), fat (solvent extraction), moisture, ash and crude fiber were determined by the AOAC (2004) methods. The carbohydrate content was calculated by subtraction method.
Functional properties
Water and oil absorption capacity: The water and oil absorption capacities were determined by the method of Sosulski et al., 1986 . The sample (1.0 g) was mixed with 10 ml distilled water or refined soybean oil, kept at ambient temperature for 30 min and centrifuged for 10 min at 2000×g. Water or oil absorption capacity was expressed as percent water or oil bound per gram of the sample.
Bulk density:
The bulk density was determined according to the method described by Okaka and Potter (1977) . The sample (50 g) was put into a 100 ml graduated cylinder and tapped 20-30 times. The bulk density was calculated as weight per unit volume of sample.
Least gelation concentration:
The least gelation concentration was determined using method of Coffman and Garcia (1977) with some modifications. The flour dispersions of 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20% (w/v) prepared in 5 ml distilled water was heated at 90 o C for 1 h in a water bath. The contents were cooled under tap water and kept for 2 h at 10±2 o C. The least gelation concentration was determined as that concentration when the sample from inverted tube did not slip.
Swelling capacity:
The method of Okaka and Potter (1977) with some modifications was used for determining the swelling capacity. The sample filled up to 10 ml mark in a 100 ml graduated cylinder was added with water to adjust total volume to 50 ml. The top of the graduated cylinder was tightly covered and mixed by inverting the cylinder. The suspension was inverted again after 2 min and allowed to stand for further 30 min. The volume occupied by the sample was taken after 30 min.
Foaming capacity and foaming stability:
Foaming capacity and foaming stability were determined as described by Narayana and Narasinga Rao (1982) with slight modifications. Sample (1.0 g) was added to 50 ml distilled water at 30±2 0 C in a graduated cylinder. The suspension was mixed and shaken for 5 min to foam. The volume of foam after whipping for 30 sec was expressed as foaming capacity. Where, AW: After whipping, BW: Before whipping, the volume of foam was recorded after 1hour whipping to determine foaming stability as percent of the initial foam volume.
Physical analysis of biscuits
Diameter of biscuits was measured by laying three biscuits edge to edge with the help of a scale rotating them 90 o and again measuring the diameter of three biscuits (cm) and then taking average value. Thickness as measured by stacking three biscuits on top of each other and taking average thickness (cm). Weight of biscuits was measured as average of values of three individual biscuits with the help of digital weighing balance. Spread ratio was calculated by dividing the average value of diameter by average value of thickness of biscuits. Percent spread was calculated by dividing the spread ratio of supplemented biscuits with spread ratio of control biscuits and multiplying by 100.
Sensory analysis of biscuits
Biscuit samples were analyzed for sensory characteristics. Sensory quality characteristics were evaluated by a panel of 10 semi-trained members using a 9-point Hedonic scale where 9 = like extremely; 8 = like very much; 7 = like moderately; 6 = like slightly; 5 = neither like nor dislike; 4 = dislike slightly; 3 = dislike moderately; 2 = dislike very much; 1 = dislike extremely. The biscuits were evaluated for their color, appearance, flavor, texture, taste and overall acceptability.
Statistical analysis
Data was analyzed using analysis of variance. Duncan multiple range test was used to determine significant difference among the various samples in triplicate. Data were analyzed using the software, statistical package for social science (SPSS) version 11.00 SPSS inc., Chicago, IL, USA at the 0.05 level. Table 2 shows that the functional properties of the flour samples. There was a significant difference amongst the samples (P< 0.05). A significant difference was also observed in moisture, ash, crude fiber, carbohydrate and protein content of brown rice and refined wheat flour (P ≤0.05). Brown rice flour showed lower protein content (8.50%) and higher fat (2.80%), ash (1.77%), crude fiber (1.23%) and carbohydrate content (77.31%) in comparison to refined wheat flour. On the other hand wheat flour contained higher protein (12.58%) and moisture content (12.98%) than brown rice flour. The fat (2.80%), ash (1.77%) and carbohydrate content (77.31%) of brown rice flour observed in this study is more or less similar but the crude fiber content was observed in higher value (Rosniyana et al., 2011) .
Results and Discussion

Proximate composition of flours
Functional properties of flours
The functional properties of flours play important role in the manufacturing of bakery products. The brown rice flour (BRF) and refined wheat flour (WF) were analyzed for their functional properties. Table 3 shows the various functional properties of flours. The water absorption capacity (WAC) of brown rice flour was found to be significantly lower than that of wheat flour (p≤0.05). The oil absorption capacity (OAC) of brown rice flour was significantly higher than that of refined WF (p≤0.05). The oil absorption capacity (OAC) of flour is equally important as it improves the mouth feel and retains the flavor. The swelling capacities of BRF and refined WF were 16.04 and 16.98 ml, respectively. The foaming capacity of BRF was higher than that of refined WF. Foaming
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capacity is assumed to be dependent on the configuration of protein molecules. Flexible proteins have good foaming capacity but highly ordered globular molecule gives low foam ability (Graham et al., 1976) . The foam expansion and foam stability have been correlated with waterdispersible nitrogen (Yasumatsu et al., 1972) . Food ingredients with good foaming capacity and stability can be used in bakery products (Akubor et al., 2000) . The emulsion activity did not differ significantly between the BRF and refined WF and the corresponding values were 0.45 and 0.44% (p≤0.05). The bulk density of BRF was 0.85 g/ml, significantly higher (p≤0.05) than that of the refined WF (0.68 g/ml). The BRF had higher least gelation concentration (30.66%) as compared with refined WF (20.33%). The variation in the gelling properties of flours was attributed to the relative ratio of protein, carbohydrates and lipids that made up the flours and interaction between such components (Sathe et al., 1982) . The values are mean ± S.D of three independent determinations. The means with different superscripts in a row differ significantly (p≤ 0.05). * Calculated by difference method. The values are mean ± S.D of three independent determinations. The means with different superscripts in a row differ significantly (p≤ 0.05).
Proximate composition of biscuits
The proximate composition of biscuits is shown in Table 4 . The ash content of biscuits increased with the addition of BRF. The increase in ash content may be due to the high dietary fiber and mineral content in the BRF i.e. iron, calcium, phosphorus and magnesium (Rosniyana et al., 2011) . The moisture content ranged from 3.27 (20% BRF) to 4.40 % (control). The decrease in moisture content may be due to the decrease in protein content an increase in moisture content of bakery products with increase in protein content. The fat content of control biscuits was 21.21% and it increased to 23.47% in 20% BRF biscuits. Higher oil retention improves the mouth feel and retains the flavor of the biscuits.
Similarly the fiber content of control biscuits was 0.97% and it increased to 1.84% in 20% BRF biscuits. This is due to the higher fiber content in brown rice flour. The protein content of biscuits ranged from 7.87 (20% BRF to 9.37% (control). The biscuits showed decrease in protein content when BRF concentration was increased. The carbohydrate content as determined by difference method was found to be higher in control biscuits. The moisture, ash, protein, fat and total carbohydrate contents of biscuits were more or less similar to those reported by (Kabirullah et al., 1995) .
Physical properties of biscuits
The physical properties of biscuits prepared from BRF and refined WF are shown in Table 5 . The diameter of biscuits made from 10, 15 and 20% BRF was found significantly lower than that of control biscuit and biscuit from 5% BRF (p ≤0.05). The thickness of biscuits ranged from 0.53 to 0.63 cm. It increased with the incorporation of BRF. Increase in thickness may be due to the decrease in diameter. The changes in diameter and thickness were reflected in spread ratio and percent spread of biscuit. The spread ratio and percent spread of control biscuits were 7.35 and 100, respectively. Spread ratio and percent spread decreased with the addition of brown rice flour. Other researchers also reported reduction in spread ratio when soy flour and fenugreek flour were substituted for wheat flour (Singh et al., 1996 and Hooda and Jood, 2005) . Reduced spread ratios of BRF fortified biscuits were attributed to the fact that composite flours apparently formed aggregates with increased numbers of hydrophilic sites available that competed for the limited free water in biscuit dough (McWatters, 1978) . The weight of biscuits increased as the concentration of BRF increased in the blends. The range of biscuit weight was 4.52 to 4.69 g with maximum value in 20% BRF biscuits. 
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Sensory characteristics of biscuits
The sensory characteristics of biscuits prepared from BRF and refined WF are shown in Table 6 . The analysis indicated that there were significant differences in flavor, texture, overall acceptability between control biscuits and biscuits containing brown rice flour (p≤ 0.05). With the increase in the level of BRF in the formulation, the sensory scores for color, texture, appearance and flavor of biscuits decreased. The color and overall acceptability scores of control biscuits and biscuits with 10% brown rice flour were statistically similar. The score of texture reduced from 8.250 to 6.188 at 20% concentration of BRF. This was because of cracks formed with the addition of gluten free BRF. The use of non-glutenous composite flours in cookie preparation reduces the textural strength of cookies where such strength is dependent upon approximate levels of gluten development. This is because in contrast to bread, the gluten network in cookies is to be only slightly cohesive without being too elastic (Schober et al. 2003) . The score of flavour reduced significantly 8.688 (control) from 5.875 at 20% BRF. The biscuits formed with addition of BWF got overall acceptability score of 8.813 (control) to 6.438 (20% BRF).
Conclusions
The present study concluded that brown rice flour can be successfully incorporated in refined wheat flour biscuits up to a level of 10% to yield biscuits of enhanced nutritional quality with acceptable sensory attributes. Hence, development and utilization of such functional foods will not only improve the nutritional status of the population but also helps those suffering from degenerative diseases. The finding of this experiment may help generate technology to diversify the use of brown rice flour by the food processing enterprises, specially baking industries. More studies should be conducted to investigate the possibility of using BRF as an ingredient in other food products in order to increase applications of such value-added food ingredient.
